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(54) SEMICONDUCTOR INTEGRATED CIRCUIT 

(57) A semiconductor integrated circuit capable of 
stabilizing the amplitude and the offset potential of the 
output signals without increasing the number of opera- 
tional amplifiers in a line driver for outputting smalt-am- 
plitude differential signals to external. The semiconduc- 
tor integrated circuit includes an output circuit including 
plural transistors supplied with differential signals, for 
perfonning switching operation; a first transistor con- 
nected between a firstpower supply potential and the 
output circuit; a second transistor connected between 
the output circuit and a second power supply potential; 



a third transistor connected to the first power supply po- 
tential; a fourth transistor fonning a current mirror circuit 
together with the second transistor to flow therein a cur- 
rent proportional to that flowing in the second transistor; 
a first resistance and a second resistance disposed in 
a path of a current flowing between the third transistor 
and the fourth transistor; and a differential amplifier for 
controlling gate potentials of the first and third transis- 
tors such that a potential at a connection point between 
the first resistance and the second resistance approach- 
es a predetemfiined potential. 
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Description 
TECHNICAL FIELD 

[0001] The present invention generally relates to a 
semiconductor Integrated circuit, and specifically, to a 
semiconductor Integrated circuit including a line driver 
for outputting small-amplitude differential signals to ex- 
ternal. 

BACKGROUND ART 



[0002] Recently, a system using small-amplitude dif- 
ferential signals (low voltage differential signaling: 
LVDS) is adopted in signal transmission between a *5 
graphic board and a display unit of a personal computer 
and the like. According to this system, EMI (electromag- 
netic interference) can be suppressed compared to the 
case where a digital signal is transmitted in full swing. 
[0003] In Fig. 1, an example of a conventional line 20 
driver used In the LVDS system is shown. This line driver 
includes N-channel MOS transistors QN11 to QN14for 
performing switching operation as differential signals 
Inl and In2 are input to the gates thereof, a constant 
current source OS for supplying constant current from 
a power supply potential Vqc on the higher voltage side 
to the transistors QN11 and QN13. an N-channel MOS 
transistor QN15 connected between a source (node 
102) of the transistors QN12 and QN14 and a power 
supply potential Vgs on the lower voltage side, and an 30 
operational amplifier 0P11 for controlling a gate voltage 
of the transistor QN15. 

[0004] To a non-inverting input of the operational am- 
plifier 0P1 1 , a reference potential Vref supplied, and, 
to an inverting input of the operational amplifier 0P1 1 , 35 
a potential of the node 1 02 is fed back. Thereby, the po- 
tential of the node 1 02 is controlled so as to approach 
the reference potential Vrep- 
[0005] The potentials of the respective input signals 
In1 and In2 vary in a range from the power supply po- 40 
tentlal Vgs on the lower voltage side to the power supply 
potential on the higher voltage side. In accordance 
with this, the transistors QN11 to QN14 perform switch- 
ing operation. For example, when the Input signal In1 is 
at a low level and the Input signal In2 is at a high level, ^5 
the transistors QN 1 1 and QN1 4 assume an off-state and 
the transistors QN12 and QN13 assume an on-state. 
Thereby, cun'ent Iq flows In a temfilnating resistance Rj 
on the reception side and an output voltage AV = Ip x 
Rj is generated between a node 1 00 and a node 101. so 
[0006] Further, assuming that the potentials of the 
node 1 00 and the node 101 are V^qo V^oi> respec- 
tively, an offset potential Vqs of the differential outputs 
Is expressed by Vqs = (V100 + ^wV^- ^he reference 
potential Vref supplied to the non-inverting input of the 55 
operational amplifier 0P1 1 is detemnined so that the off- 
set potential Vqs takes a target value. 
[0007] However, in the line driver shown in Fig. 1. 



when the transistors QN11 to QN14 are switched fre- 
quently, the potential variation of the node 1 02 becomes 
greater and the offset potential Vqs "s apt to become 
unstable. In order to improve this, it is conceivable that 
5 the open gain of the operational amplifier 0P11 Is in- 
creased, however, on the other hand, a problem arises 
that the operational amplifier 0P1 1 becomes apt to os- 
cillate due to power supply noise etc. Further, it is nec- 
essary to vary both the constant current source OS and 
10 the reference potential Vref order to change the out- 
put voltage AV with the offset potential Vqs kept con- 
stant, and accordingly, the circuit for generating these 
becomes complicated. 

[0008] In Fig. 2, another example of the conventional 
line driver used in the LVDS system Is shown. This line 
driver includes N-channel MOS transistors QN21 to 
QN24 for perfomning switching operation as differential 
signals In1 and In2 are input to the gates thereof, an N- 
channel MOS transistor QN26 connected between a 
power supply potential Vqd on the higher voltage side 
and a drain (node 203) of the transistors QN21 and 
QN23, an operational amplifier 0P21 for controlling a 
gate voltage of the transistor QN26, an N-channel MOS 
transistor QN25 connected between a source (node 
202) of the transistors QN22 and QN24 and a power 
supply potential Vgs on the lower voltage side, and an 
operational amplifier OP22 for controlling a gate voltage 

of the transistor QN25. 

[0009] To a non-inverting input of the operational am- 
plifier 0P21 , a reference potential Vref1 is supplied, 
and, to an inverting Input of the operational amplifier 
0P21 , a potential of the node 203 is fed back. Thereby, 
the potential of the node 203 is controlled so as to ap- 
proach the referencepotential \f^^^ . Similarly, to a non- 
inverting input of the operational amplifier OP22, a ref- 
erence potential Vref2 »s supplied, and, to an Inverting 
input of the operational amplifier OP22, a potential of 
the node 202 is fedback. Thereby, the potential of the 
node 202 is controlled so as to approach the reference 
potential Vr^f^- 

[0010] The potentials of the respective input signals 
In1 and In2 vary in a range from the power supply po- 
tential Vss on the lower voltage side to the power supply 
potential Vdd on the higher voltage side. In accordance 
with this, the transistors QN21 to QN24 perfomn switch- 
ing operation. For example, when the input signal In1 is 
at the low level and the Input signal In2 is at the high 
level, the transistors QN21 and QN24 assume the off- 
state and the transistors QN22 and QN23 assume the 
on-state. Thereby, the node 200 has a high output po- 
tential VoH and the node 201 has a low output potential 
Vol, and an output voltage AV = Vqh - Vql is generated 
between the node 200 and the node 201 . 
[0011] Here, the reference potential Vr^fI and the 
reference potential Vref2 respectively supplied to the 
non-inverting inputs of the operational amplifiers 0P21 
and OP22 are detemnined so that the output potentials 
Vqh and Vql take target values. An offset potential Vqs 
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of the differential outputs is expressed by Vqs = (Vqh + 
Vol)/2. 

[0012] However, in the line driver shown in Fig. 2, 
when the transistors QN21 to QN24 are switched fre- 
quently, the potential variation of the nodes 203 and 202 
also become greater and the output potentials Vqh ^nd 
Vol apt to become unstable. Therefore, the line driv- 
er shown in Fig. 2 also has the same problem as that of 
the line driver shown in Fig. 1 . Further, it is necessary 
to vary both the reference potential V^^pl and the ref- 
erence potential ^f^^fZ in order to change the output 
voltage AV with the offset potential Vqs l<ept constant, 
and accordingly, the circuit for generating these be- 
comes complicated. 

[0013] On the other hand, in U.S. Patent No. 
6,111 ,431 , a line driver of LVDS system as shown in Fig. 
3 is disclosed. This line driver is constituted by a driver 
circuit 32 and a replica circuit 31 (referred to as "mim- 
icking circuit") for controlling the operation of the driver 
circuit 32. 

[0014] The driver circuit 32 includes N-channel IVIOS 
transistors QN31 to QN34 for performing switching op- 
eration as differential signals in1 and ln2 are input to the 
gates thereof , a P-channel MOS transistor QP31 con- 
nected between a power supply potential Vqq on the 
higher voltage side and a drain (node 303) of the tran- 
sistors QN31 and QN33, an operational amplifier 0P31 
for controlling a gate voltage of the transistor QP31 , an 
N-channel MOS transistor QN35 connected between a 
source (node 302) of the transistors QN32 and QN34 
and a power supply potential Vss on the lower voltage 
side, and an operational amplifier OP32 for controlling 
a gate voltage of the transistor QN35. 
[0015] in order to supply predetemnined potentials to 
a non-inverting input (node 304) of the operational am- 
plifier 0P31 and a non-inverting input (node 305) of the 
operational amplifier OP32, the replica circuit 31 is con- 
nected thereto. The replica circuit 31 includes a P-chan- 
nel MOS transistor QP32 and N-channel MOS transis- 
tors QN36 to QN38 having 1/n sizes of the transistors 
QP31 and QN31 to QN35 used in the driver circuit 32, 
respectively, and two resistances .each having resist- 
ance values of n/2 times that of the terminating resist- 
ance Rj on the reception side. 
[0016] The transistor QP32 is connected between the 
power supply potential V^q on the higher voltage side 
and a drain (node 304) of the transistor QN36. In the 
transistor QP32, there flows a drain current of 1/n of the 
drain cun'ent Inflowing in the transistor QP31 of the driv- 
er circuit 32. The transistors QN36 and QN37 constantly 
assume the on-state. The transistor QN38 is connected 
between a source (node 305) of the transistor QN37 and 
the power supply potential V33 on the lower voltage 
side. 

[0017] Furthermore, the replica circuit 31 includes a 
current mirror circuit CMC for detemnining the drain cur- 
rent of the transistor QP32 and an operational amplifier 
OP33 for controlling a gate voltage of the transistor 



QN38. 

[001 8] To a non-inverting input of the operational am- 
plifier OP33, a reference potential Vr^f 's supplied, and, 
to an inverting input of the operational amplifier OP33, 
5 apotential of the node 306 is fed back. Thereby, the po- 
tential of the node 306 is controlled so as to approach 
the reference potential V^Ep. 
[0019] The potentials of the respective input signals 
In1 and In2 vary in a range from the power supply po- 
10 tential Vgs on the lower voltage side to the power supply 
potential Vqq on the higher voltage side. In accordance 
with this, the transistors QN31 to QN34 perform switch- 
ing operation. For example, when the input signal Inl is 
at the low level and the input signal In2 is at the high 
15 level, the transistors QN31 and QN34 assume the off- 
state and the transistors QN32 and QN33 assume the 
on-state. Thereby, current Iq flows in the terminating re- 
sistance Rj on the reception side and an output voltage 
AV = Iq X Rj is generated between the node 300 and 
20 the node 301 . The current flowing in the transistor QP32 
of the replica circuit 31 is detennined so that the output 
voltage AV may take a target value. 
[0020] Further, assuming that the potentials of the 
node 300 and the node 301 are V3Q0 and V301, respec- 
25 tively, an offset potential of the differential output is ex- 
pressed by Vqs = (V300 + V3oi)^. The offset potential 
Vqs varies In conjunction with the potential of the con- 
nection point (node 306) between the two resistances 
in the replica circuit 31 . Therefore, the reference poten- 
30 tial Vrep supplied to the non-inverting input of the oper- 
ational amplifier OP33 is detennined so that the offset 
potential Vos> i ^- the potential of the node 306 takes a 
target value. 

[0021] The line driver shown in Fig. 3 is a circuit suit- 
55 able for changing the output voltage AV with the offset 
potential V03 kept constant. However, the use of the 
three operational amplifiers makes the circuit complicat- 
ed. Further, there is a problem that the operational am- 
plifiers 0P31 and.OP32 for controlling the transistors 
40 QP31 and QN35 in which great current flows are apt to 
oscillate with the power noise etc. as a trigger. 

DISCLOSURE OF THE INVENTION 

45 [0022] Therefore, in view of the above-described 
problems, an object of the present invention is to provide 
a semiconductor integrated circuit capable of stabilizing 
the amplitude and the offset potential of the output sig- 
nals without Increasing the number of differential ampli- 

50 fiers such as operational amplifiers in a line driver for 
outputting small-amplitude differential signals to exter- 
nal. 

[0023] In order to solve the above problems, a semi- 
conductor integrated circuit according to the present in- 
55 vention comprises an output circuit including plural tran- 
sistors supplied with differential signals, for perfonnlng 
switching operation; a first transistor connected, be- 
tween a first power supply potential and the output cir- 
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cuit; a second transistor connected between the output 
circuit and a second power supply potential; a third tran- 
sistor connected to the first power supplypotential; a 
fourth transistor fomiing a currentminror circuit together 
with the second transistor to flow therein a cun-ent pro- 
portional to that flowing in the second transistor; a first 
resistance and a second resistance disposed in a path 
of a current flowing between the third transistor and the 
fourth transistor; and a differential amplifier for control- 
ling gate potentials of the first and third transistors such 
that a potential at a connection point between the first 
resistance and the second resistance approaches a pre- 
detemiined potential. 

[0024] According to the present invention, since the 
current of the output circuit is controlled by the current 
mirror circuit and the voltage of the output circuit is con- 
trolled based on the potential at the connection point be- 
tween the first resistance and the second resistance 
provided as replicas of terminating resistances, the am- 
plitude and the offsetpotential of the output signal can 
be stabilized without increasing the number of differen- 
tial amplifiers such as operational amplifiers. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0025] Advantages and features of the present inven- 
tion will be clear by considering the detailed description 
associated with the drawings. In these drawings, the 
same reference numeral indicates the same component 
element. 

Fig. 1 is a circuit diagram showing an example of a 
conventional line driver used in the LVDS system; 
Fig. 2 is a circuit diagram showing another example 
of the conventional line driver used in the LVDS sys- 
tem; 

Fig. 3 is a circuit diagram showing yet another ex- 
ample of the conventional line driver used in the 
LVDS system; and 

Fig. 4 is a circuit diagram showing the constitution 
of a line driver included in a semiconductor integrat- 
ed circuit according to one embodiment of the 
present invention. 

BEST MODE FOR CARRYING OUT THE INVENTION 



[0026] In Fig. 4, the constitution of a line driver includ- 
ed in a semiconductor Integrated circuit according to 
one embodiment of the present invention is shown. As 
shown in Fig. 4, the line driver is constituted by a driver 
circuit 42 and a replica circuit 41 for controlling the op- 
eration of the driver circuit 42. 
[0027] The driver circuit 42 includes an output circuit 
constituted by N-channel MOS transistors QN41 to 
QN44 for perfonning switching operation as differential 
signals ln1 and ln2 are input to the gates thereof , an N- 
channel MOS transistor QN46 connected between a 
power supply potential Voo the higher voltage side 



and a drain (node 403) of the transistors QN41 and 
QN43 and an N-channel MOS transistor QN45 con- 
nected between a source (node 402) of the transistors 
QN42 and QN44 and a power supply potential Vss on 
5 the lower voltage side. In the transistor QN45, drain cur- 
rent Iq flows according to a reference potential Vref^. 
and thereby, the operating current of the output circuit 
is determined. 

[0028] In order to supply a suitable potential to a gate 
10 (node 404) of the transistor QN46 sen/ing as a source 
follower, the replica circuit 41 is connected. The replica 
circuit 41 includes N-channel MOS transistors QN47 to 
QN60 having 1/n sizes of that of the transistors QN41 
to QN46 used in the driver circuit 42, respectively, and 
15 two resistances each having resistance values of n/2 
times that of the terminating resistance Rj on the recep- 
tion side. The transistor QN50 of the replica circuit 41 
and the transistor QN45 of the driver circuit 42 fomn a 
current mirrorcircuit. and, in the transistor QN50. a drain 
20 current of 1/n of the drain current Iq of the transistor 
QN45 flows. Here, n is a positive real number (the 
number larger than zero). 

[0029] In the replica circuit 41 , the transistors QN48 
and QN49 respectively connected to both sides (nodes 
25 406 and 408) of the two resistances correspond to the 
transistors QN41 to QN44 of the output circuit. However, 
while the transistors QN41 to QN44 perfomn switching 
operation, the transistors QN48 and QN49 constantly 
assume the on-state. The transistor QN47 is a voltage 
30 source and connected between the power supply poten- 
tial Vdd on the higher voltage side and a drain of the 
transistor QN48. The gate voltage of the transistor 
QN47 is controlled by an operational amplifier 0P41 as 
a kind of differential amplifier. The transistor QN50 is 
35 connected between a source of the transistor QN49 and 
the power supply potential Vss on the lower voltage 
side. 

[0030] To a non-inverting input of the operational am- 
plifier 0P41, a reference potential VrefI supplied, 
40 and, to an inverting input of the operational amplifier 
0P41. a potential of a node 407 is fed back. Thereby, 
the potential of the node 407 is controlled so as to ap- 
proach the reference potential Vref^ • the MOS tran- 
sistor QN50. drain current flows according to the refer- 
45 ence potential Vref2, and thereby, the operating current 
of the replica circuit 41 is detennined. 
[0031] The potentials of the respective input signals 
Inl and In2 vary in a range from the power supply po- 
tential Vss on the lower voltage side to the power supply 
50 potential Vdd on the higher voltage side. In accordance 
with this, the transistors QN41 to QN44 of the output 
circuit perfomri switching operation. 
[0032] For example, when the input signal Inl is at the 
low level and the input signal In2 is at the high level, the 
55 transistors QN41 and QN44 assume the off-state and 
the transistors QN42 and QN43 assume the on-state. 
Thereby, the current Iq flows in the temiinating resist- 
ance Rt on the reception side and an output voltage AV 
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= Ip X R-p is generated between a node 400 and a node 
401 . Simultaneously, in the replica circuit 41 , current 1^/ 
n also flows In the two resistances and a potential dif- 
ference AVp = (Ij/n) X (nFV2 + r\Hj/2) = Iq x Rj is 
generated between the node 406 and the node 408. 
[0033] On the other hand, when the input signal Inl 
is at the high level and the Input signal In2 Is at the low 
level, the transistors QN41 and QN44 assume the on- 
state and the transistors QN42 and QN43 assume the 
off-state. Thereby, the reverse current Ip flows in the ter- 
minating resistance Rp on the reception side and the 
output vottage AV=lpXRp is generated between the 
node 401 and the node 400. Simultaneously, in the rep- 
lica circuit 41 , cun^ent Ip/n also flows in the two resist- 
ances and the potential difference AVp = (Ip/n) x {r\Rj/ 
2 + nRj^2) = Ip X Rp is generated between the node 
406 and the node 408. 

[0034] Further, in the drive circuit 42, assuming that 
the potentials of the node 400 and the node 401 are 
and , respectively, an offset potential Vqs the dif- 
ferential output is expressed by Vqs = (^400 + V40O/2. 
The value thereof varies in conjunction with the potential 
Vqsr = (V406 + V4oq)/2 = V407 of the connection point 
(node 407) between the two resistances in the replica 
circuit 41 . Therefore, the reference potential Vp^pl sup- 
plied to the non-inverting input of the operational ampli- 
fier 0P41 is determined so that the offset potential Vqs . 
i.e. the potential of the node 407 may take a target value. 
[0035] As described above. In the embodiment, since 
the cun'ent of the output circuit is controlled by the cur- 
rent mirror circuit and the amplitude of the output circuit 
is controlled based on the potential at the connection 
point between the two resistances provided as replicas 
of temiinating resistances, the voltage and the offset po- 
tential of the output signal can be stabilized without in- 
creasing the number of operational amplifiers. Especial- 
ly, since^no operational amplifier exists In the driver cir- 
cuit, the circuit configuration becomes simple and there 
is no possibility of oscillation. Further, by varying one 
reference potential, the voltage of the output signal can 
be changed with the offset potential kept constant. 

INDUSTRIAL APPLICABrLnfY 

[0036] The present invention can be utilized in signal 
transmission between a graphic board of a personal 
computer and a display unit and the like. 



Claims 

1 . A semiconductor integrated circuit comprising: 

an output circuit including plural transistors 
supplied with differential signals, for perfomiing 
switching operation; 

afirsttransistorconnectedbetweenafirstpower 
supply potential and said output circuit; 
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a second transistor connected between said 
output circuit and a second power supply po- 
tential; 

a third transistor connected to the first power 

s supply potential; 

a fourth transistor fonning a cun'ent min-or cir- 
cuit together with said second transistor to flow 
therein a current proportional to that flowing In 
said second transistor; 

10 a first resistance and a second resistance dis- 

posed in a path of a current flowing between 
said third transistor and said fourth transistor; 
and 

a differential amplifier for controlling gate po- 
15 tentiais of said first and third transistors such 

that a potential at a connection point between 
said first resistance and said second resistance 
approaches a predetermined potential. 

20 2. The semiconductor integrated circuit according to 
claim 1 , wherein said first power supply potential is 
higher than said second power supply potential, 
and each of said first to fourth transistors Includes 
an N-channel MOS transistor. 

25 

3. The semiconductor integrated circuit according to 
claim 1 , wherein said output circuit includes: 

a fifth transistor and a sixth transistor serially 
30 connected between said first transistor and 

said second transistor, said fifth transistor hav- 
ing a gate to which a first signal included in the 
differential signals is supplied and said sixth 
transistor having a gate to which a second sig- 
35 nal included in the differential signals is sup- 

plied; and 

a seventh transistor and a eighth transistor se- 
rially connected between said first transistor 
and said second transistor, said seventh tran- 
40 sistor having a gate to which the second signal 

included in the differential signals Is supplied 
and the eighth transistor having a gate to which 
the first signal Included in the differential sig- 
nals is supplied. 

45 

4. The semiconductor Integrated circuit according to 
claim 3, wherein said first power supply potential Is 
higher than said second power supply potential, 
and each of said fifth to eighth transistors includes 

so an N-channel MOS transistor. 

5. The semiconductor integrated circuit according to 
claim 3, wherein a terminating resistance is con- 
nected between a connection point between said 

55 fifth transistor and said sixth transistor and a con- 
nection point between said seventh transistor and 
said eighth transistor via a signal line. 
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6. The semiconductor integrated circuit according to 
claim 1 , further comprising: 



10 



a ninth transistor connected between said third 
transistor and said first resistance; and 
a tenth transistor connected between said sec- 
ond resistance and said fourth transistor. 

7. The semiconductor integrated circuit according to 
claim 6, wherein, assuming that n is a number larger 
than zero, a current flowing in said third, fourth, 
ninth, and tenth transistors is 1/n of that flowing in 
said first and second transistors. 

8. The semiconductor Integrated circuit according to 
claim 7, wherein each of saldthird, fourth, ninth, and 
tenth transistors has a size of 1/n of that of each of 
said first and second transistors. 

9. The semiconductor Integrated circuit according to 
claim 7, wherein each of said first and second re- 
sistances has a resistance value of n/2 times that 
of the terminating resistance connected to said out- 
put circuit. 

10. The semiconductor integrated circuit according to 
claim 1 , wherein said differential amplifier compris- 
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es: 



a non-inverting input temriinal to which a refer- 
ence potential is supplied; 
an inverting input terminal to which a potential 
at a connection point between said first resist- 
ance and said second resistance is supplied; 
and 

an output terminal for supplying an output po- 
tential to gates of said first and third transistors. 
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